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Metal catalyzed coordination/insertion polymerization is the key technology in polyolefin industry. 
Recently, considerable attention has been paid to synthesis of new polymers with specified functions 
exemplified as cyclic olefin copolymers (optical materials), syndiotactic polystyrene (thermal, 
chemical resistance) and others. It has been recognized that design of the efficient molecular 
catalysts that precisely control the polymerization plays a key role for the success. Half-titanocenes 
containing anionic donor ligands, Cp′TiX2(Y) (Y = aryloxide, ketimide etc.) are promising 
candidates as the efficient catalysts due to their promising characteristics demonstrated especially in 
ethylene copolymerization (with α-olefin, styrene, cyclic olefins, and sterically encumbered 
olefins).1 In the catalysts, it has been demonstrated that effective catalysts can be tuned by the ligand 
modification (Cp′, Y). Another approach adopted for the purpose is use of cooperative 
(catalyst-catalyst or -cocatalyst nuclearity) effect using bimetallic catalyst systems.2 In this thesis, 
possibilities for design of the new aryloxide modified half-titanocene catalysts especially for 
synthesis of new polymers in precise olefin polymerization have been explored. In particular, on the 
basis of these backgrounds, two approaches such as (i) ligand modification of the aryloxide ligands: 
halogenated aryloxides (electronic effect for better comonomer incorporation), para-substituted 
aryloxides (better stabilization of catalytically-active species), (ii) synthesis of trinuclear complexes 
(improvement in cooperative effect) have been focused in this PhD thesis. 
 Results and discussion 
1. Synthesis of aryloxide modified half-titanocene catalysts for ethylene copolymerization.  
A series of half-titanocene dichloride complexes containing halogenated phenoxy ligands of the 
type Cp′TiCl2(OAr) [Cp′ = Cp, Ar = 2,6-Cl2C6H3 (3a), 2,4,6-Cl3C6H2 (4a), C6Cl5 (5a), 
2,6-F2C6H3 (10a); Cp′ = indenyl (Ind), Ar = 2,6-Cl2C6H3 (6a), 2,4,6-Cl3C6H2 (7a), C6Cl5 (8a), 
2,6-F2C6H3 (9a)], were prepared by treatment of Cp′TiCl3 with the corresponding LiOAr in Et2O or 
toluene. The dimethyl analogues, CpTiMe2(OAr) [Ar = 2,6-Cl2C6H3 (3b), 2,4,6-Cl3C6H2 (4b), 
C6Cl5 (5b), 2,6-F2C6H3 (10b), 2,4,6-F3C6H2 (11b), C6F5 (12b)], were also prepared similarly in 
toluene via in situ formation of CpTiMe3 followed by addition of ArOH.6 These complexes were 
identified by NMR spectra and elemental analysis, and structures of 3a-5a, 7a-10a, 4b and 12b were 
determined by X-ray crystallography. Rather small Ti−O−C(phenyl) bond angles and long Ti−O 
bond distances4 compared to those in CpTiCl2(O-2,6-iPr2C6H3) (1a) were observed, probably due to 
an influence by halogenated phenoxy ligands (rather weak π-donation). 
The Cp-chlorinated phenoxy analogues (3-5a) showed higher catalytic activities than the reported 
catalysts [CpTiCl2(O-2,6-iPr2C6H3) (1a), IndTiCl2(O-2,6-iPr2C6H3) (2a)] for ethylene/NBE 
copolymerization in the presence of MAO. The Cp analogues (3-5a) showed higher activities than 
the indenyl analogues (6-8a). The resultant polymers are poly(ethylene-co-NBE)s possessing rather 
high molecular weights with uniform molecular weight distributions, and their compositions were 
uniform confirmed by DSC thermograms. Importantly, 3a, 4a showed more efficient NBE 
incorporation than the reported catalysts such as 2a, CpTiCl2(N=CtBu2) (13), CGC and DSBI. The 
NBE content in the copolymers prepared by 3-5a were thus higher than those prepared by the others 
under the same conditions.  
In order to explore a possibility of more active catalyst, the aryloxide ligand modification at the 
para-position that would contribute the stabilization of catalytically-active species by O→Ti 
π-donation has been explored. A series of half-titanocene dichloride complexes containing 
para-substituted phenoxy ligands of the type Cp*TiCl2(O-4-R-2,6-iPr2C6H2) [R = H (13), SiMe3 
(14), SiEt3 (15), tBu (16), Ph (17), CHPh2 (18), CPh3 (19), 4-tBuC6H4 (20), 3,5-Me2C6H3 (21)], 
were prepared by treatment of Cp*TiCl3 with the corresponding LiOAr in Et2O. These complexes 
were identified by NMR spectra and elemental analysis, and structures of 14, 15 and 19 were 
determined by X-ray crystallography.  
 
2. Synthesis of trinuclear half-titanocene complex catalysts for ethylene polymerization.4 
A series of trinuclear half-titanocenes, [Cp’TiCl2{(O-2,4-R2C6H2)-6-CH2}]3N [R = Me, Cp’ = 
Cp (22); R = tBu, Cp’ = Cp (25), Cp* (26), tBuC5H4 (27), 1,2,4-Me3C5H2 (28)] and  
[Cp*TiMe2{(O-2,4-R2C6H2)-6-CH2}]3N [R = Me (29), tBu (30)], and the bimetallic complexes, 
Cp’TiCl2{(O-2,4-Me2C6H2)-6-CH2}][Cp’TiCl{(O-2,4-Me2C6H2)-6-CH2}2]N [Cp’ = Cp* (23), 
1,2,4-Me3C5H2 (24)], have been prepared and identified. Structures of 22-26, 28 and 30 were 
determined by X-ray crystallography. 
These complexes exhibited from moderate to high catalytic activities for ethylene polymerization 
in the presence of MAO cocatalyst, affording ultrahigh molecular weight polymers with uniform 
molecular weight distributions in most cases, especially in both the Cp and the Cp* analogues. In 
particular, the activities by the Cp* trinuclear analogue 30 and the bimetallic analogue 22, showed 
higher catalytic activities than the related mononuclear analogue, Cp*TiCl2(O-2-R-4,6-Me3C6H2) 
[R = Me (31), tBu (32)], conducted under the same conditions. In most cases, the activities in the 
presence of AliBu3–[Ph3C][B(C6F5)4] cocatalyst were higher than those in the presence of MAO. 




A series of aryloxide-modified half-titanocene complexes has been synthesized for the efficient 
ethylene (co)polymerization. The half-titanocenes containing halogenated phenoxy ligands showed 
more efficient NBE incorporation than the previous catalysts in the ethylene/NBE copolymerization. 
Moreover, the tri-nuclear half-titanocene complexes showed different catalyst performances 
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